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©COftftpJk LTtis TiBaOa, LiNbOs^O 
[0017] *&HH£5K7 r 4 '«HU3«lH-**£fc: 

[00 18] Zo-t&ZttzX*). 2&4ffl2.Tcrjffll. 

zzk&x-z. ttiSkt txi®gm:<mm&tti£iz% 
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[0020] 
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tm^rv^xizx*)mmx^m.-tt^iz)5^ 

xi>. mt£oiz>tf&.<7ym.iMmx'hh. z<d^o> 40 [ooss] msnmmizm&immx&m&iBK 

[0053] 02 tt4mm-&iz£ &tmm%comi h . 

jraowwca s . ws^sdt<om.ut. 4 %m [0059] 

mzm4mm&m^&cotmi u>. ff*4 1 4 ] 



1 5 



(9) 

Ei' = exp(igL)[(HigL)E!+igL Bs*] 
Es' r = exp(-igl)[-igL B,+(l-igL)B 5 '] 

g = K I Bp I 2 

3cj p 
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-(15) 

•(16) 



"(17) 
••(18) 



[00 60] T^Os n&tf;e< 3 > Ji^ft-fft^^ 10* 

(|tfk| = |2k P -k s -ki |=0)fcLfc. 
[0061] (15)StfcV>T. X)iT4 F9%#%V>I1 
■& (Ei =0) S*T4 K5*Ei ' *>'A 

VGi {±. 

[0062] 20 
[SI 5] 

Gs = G = lKgL) 2 -(19) 
Gi = (G-l) = (gL) 2 -(20) 
[00 63] T^ie>tlZ>ZtWfrfr<). 4mM^i: 

[00 64] 04t^^ffi*$bB^¥& 3^1 30 

tinm-^yr a*2 i . k 2 2&# 

[0065] ^^3l£^«@i: LT<^7 r 4 A 2 1 tt 

^xitwm.nimM&z&iz-t&tz.Mi. * 
-^y4*-Y22mm&)< l z-^t?>ioiizi>x 40 

[0066] itATy23MA'^)^-V23A, 23 
B, 2 3CSt^2 3D^L-CV^. iK-N2 3At« 
01W3tgj^23^^^ tf-h2 3Bfcli^-1f 
^4 F 2 2#»B5*U #- h 2 3 C fcttft? r 4 
A2 1 oM\ J&Sp'ga^fU #-h 2 3 D{±r -y Hx> 
KfcSftS,, #7r4X2 1<t)|I2«±01<O3K£5j*!& 
4fc«J^Sixa„ 

[00 67] ft, *TOB«»fcfcV^T r«^j i^dlS 



[0068] ftA7y23i£. iKKi:i>. tf-l»23 
A&tf 2 3 Bfcffite$*tfyfc£tf-h2 3C*^aJ*-f 
SiatrSigL. i03b5rT^2 3fcLT«. 0Ulf. 

[0069] l£?«ft«)«Sfc:J:5k, %HT^23 
<9*-r- 2 3 Afc{jt&$*utfi^3fcfc;K-b 2 3Bt« 
J&^iTJtP—if M X-Y22 frtzvmm^tz t hiz 
mm%&%WZlhhK7r**2 HzmiLZit&Zb 

AHzmrthZttfXZh. 

[0070] m5\m 1 <9&fflft&3fc&£#83tf)8S2 

mjmzfii-t7'vv?mx'S>&. zcmmu. E4co 
mm3tm.^mmimsmtnittx . ftyrj 

9 3 1 &x/^m&3 2 zzcomizjtLxm i ox&m 

884 fc«»LT v»4iir?*Mmj- . 
[0071] 3fcH!«iSS3 2«, «i.Jf^3fcii«iSTfc 
3K»Mi|SS3 2«>— 3«flij£flfcL E r^C0*±»7C 

[0072] *Ky K>tX7 <)V9 3\ ii. m^t. Eb 

m?im<nmmttt:m£i-ht:#>coi>?)X'h 

Z<7)£o%*m:1tim??&Zblz£^X. mi 
{f . V— f r>f *- K 2 2frt>(r)®ffl£lz £ iXfflm 

%3 2comttwimzti&<?)Z®mf&zt#x'Z. 3t 

7r>fK2 ll*lT'4t^fi*a*fJ3K&-H)-(cii«-r2>C: 
[ 0 0 7 3 ] HRKfiffl£&3fc£f^§-fr6*tf> 
ffitoT^^Wt. »<>'^tX7 ^^3 1 £jflwcmi 

[0074]$ ^fc. K^X7 3 1 1 «fc 0 
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x . mis/tcrftpfcizi: h^m^mmmm-h zttfiv i o o 8 2 1 .r^-cn. i^-irr-r *- h 2 2 &t>& 



[0075] wscrim&i'Z.T&oxoiz. imm%& *Tv*4a^ mi<rt%mm2^^tar : y23^- 
nm^x^mx<mmsdt^%^^-tttimz^ 01 v23A£m&zti&m*m£ittLxm%z77y-77 

iSSatX^^ K'*X7 -f A-?£,I<Dlifc:Jf ALT i, J: m^<0;K:frfc**L-C«*X:? yyrytftmZ-ttZ i. 



[0076]$. P-1fr>f*-K2 2*^fit^$tl.S [0083] H7{i01<7)fiffl*ft3l»#a3iO^4 
Hse^iO^eHi^ffiv^fcrJi. *7r-fA2 1t:ft 10 ll$S0i£*-r:/o-y?0T'fe&„ ic^QiMTJl. 01 

&3iifcfI^z>3fcgJ: 0 i>3fc7r4 a'2 1 fyX'^t 0)?m^2frhm&Ztvfcm^ZM^tf5.^£.W. 

o%mmmw$iix^h%&iz\i. %mm3 2m v ^51 t. fleee-Axru >y*5 ia^<os&i£. 

[0077] m6imi<otmmxm&m<7>m3 &mmxmgm52RV53t. mmzmt 

mma^tf'o^^mxhh. zcrmmm.. 040 im5 2Rx/5 3i>^(0Mm^^ti^^tim 
mmsm&mrm 1 mmm&ttit t r . ras^ai 5 At tsts. 

t LX<r)\s—f?4 it- K 2 2 bft#7<7 2 3<7>X- h [0084] ffi3fc&j££5 4 fc LTJifi^fcfflftt-A 

23Btt0Sfcffl3tX^7>^74 l^^ttTV^^T x:ry >y*£fflVv&£i;#T*£. < r<9ffi3fc&j£J£54T' 
#&f=Ht£>ftS. 20 ^$nfcfiffl*fiBKIi01^eJMSS4t:tt| & $n 
[0 0 78] HRfcr. isy7)Vt-YK7T4 a'»Q| ftfflft&31«§lfi5 2Xtf 5 3fc LTJi. Hitf 

a^fiRtU ^a^haco^ti o 2-z>am%^ i o o 8 5 ] ^^^igwcj: & t . 

-F#*S£LT\ JSSfc LT. 3t7 r 4 A<7)£S 1 Jgfcft fi5 2£tf 5 3Kfl^£*L&fi^7)tfU&tfSfS2lf7fc 

^J^fLSTtWffl^ttMt-ScL^V^ f-^t, 01 </>3fc 2&tf 5 3 tiJWC. tt*&$tutft^3t (31 lX«iSI2 

mm2tLxis>y)v±-YR7T4><.irm\^t>ixx mmst) commmf:mmt<^mmm^-^(.^& 

3t^X83t«t©«. «i»^ft^C «fc o-c^fSfc t i>fc^ft <^es*fBrtEtc=5rS . o£ o , 0 1 <wfc©*»2 
-ft. 30 &SixSfi^D«mito^fca^fc^ -ss* 

[0079] maLfcfiffl^aitOllilSa*^ Jgc^ffl*f5bKSr7t£&84 t:«t&-ts £ t s . 

tytzfrZi. 0 fc. 0 1 «OfifflftS3£Stt^©3 fctJft-S [0086] 08<i0 1 «oeffl*a3t^#S3 com 5 

#S3 izmk^ti^m^t^mmmtmm&omm. a- h 2 2#jhv^*u immyemne t lx% 

Mkcomk£.mpfk. 7r-fA'2 l*m^*iT^Sj^c:*i*T'tf>3il7bM 

[0 080] 06cOfiLffl*a3tm#S^3jUS0lfc: S*40SfcP!fcPtT*S. 

J: S fc . V— !f ?A it- K 2 2*^<OSlie3t^ [0087] CK^HJfiWCtt. fi^t&tXSlg^S:^ 

7^/74 liHhLTffi^fc^3-£&J:3tL-C^ ^*^Rf*-C*-&3K7r'f A2 1 fcS*i6it^j8[$^ 

-st LTfiffl»i»¥a^^ai^^igi-r & - [ o o 8 8 ] %*t? 6 1 a^- h 6 1 a . 6 1 

ttfX'ZZ. 6 1C£WU ^-b61A&t^6 lBICftt^Sil^ 

[0081] fiBK;*.?5y:/54 Hi, l/2^«& i^^-h6 lC'^iU^^. X-h6 1 At«01co 

txi/4^«^^fflv^asa , 9ra^a, . msm2tfimztL. x-v6 1 Bw±jae3est l 

V-*f*fA is- V 2 2 *^ttl&$ixSilie3t*^JS1l3K T WV-if 5f- H 2 2 . 

ffl3feT-J>S^fc:{±. Z(rM%Mt:®&th <t d KSfig [0089] ®3tt*-AXTU -/ ^ 6 2Ji5K-h 6 2 

■t I . A, 62B. 6 2 C&tf 6 2 D U dt- h 6 2 A& 

Kiea-rs^MiJt«W«9>-5 < O^T. mitx7 7> V6 2 B ttt*&SitJt*2:13c 2 {BftJfcftt;:fi!3feft# 
^74 liOKrf^^^ (Mx.tfffl7tiS<OllHE^«!<0j£ 3il^«02ffi3t«7)-S:m'e f iT^-h6 2CRt^6 

gt) 5rl~10 0KHzgJS»C|gSfCt5<C:tfcio 50 2 DA^tB^-fS. tti. «3tt*-AXr'J 2 



*&$iii.ii)e3Kt*jLTii*x^7yy74 1 titmz 
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it. tf-h6 2C&tf6 2Dtcm£ftfc3fcS:!3c2lB [0 09 6] 01 Ol±01?)flfa£ft3e?&£#g3tf>m 

-h6 2AatX6 2BA>/5>aj^-rS„ T(«7r >f A2 1 fc % agftSfc LX<7)\s-im * 

[00 90] ^-h6 2At«jfc&T7 6 l<0--if-h6 — K 2 2 1 , filBKb'— AXT'J 7?62t> ffiBISHffllgs 

1 C*<8^$*u 6 2 BfcttHl <7tfflS*«&4# 6 3 ttfm^t>tlX^i>£ii. as^^^s*?^ 
WfcZtl. ^-h6 2C&V6 2D|gt:ti3t7r>fA2 a^5Hife^t^t"CJ>S. 

umuztiz. f7r^f^2 io»t>ctt. i/4» [0097] zegmmxa. ffi$mdbnmit,zmL 

mmf i /2«fiK3*ja wgbki mi&zti&m xftmztvriznifzffigftz mLLti{mmxtft 

%mm$s6 3&&vt>tixi5 *) . z<7>m%Mm56 3 m-&t:#>iz. m 1 cofi^K/ae^i&^asji. 3t 

(±. ftyr4><2l£mk21xt:1£<ommmt%7T 10 ^T571i:l/2«[^«7 3i:ffl3tb*-AXTi;-7^ 

>r a 2 1 fr^ttttzwoMjemt ± 5 & 6 2 ^ . jae*^«*&-rs^- h tmm 

mmzm. m&m\titt-vtz%mht&>iz. m*m/m 

[0091] m&zti*:m*mt. %*ry6 it. v mmts^mt. s t>\&&r-*3.v—9i 25-ttf. 

-Vy4*-Y22trt><?>®1gdtiL&$iZ1X. Ztlt>m [0098]3fr9--^J.U-^72J±3o^if-h72 

*m.T/mmi±. m%X-J*X7\)»,jfe2Xm\m A. 72B&tf72C£#U *-h7 2Afct£&§ix 

3fcJfc& t Z<r>m 1 «3^#<0«3ftBfcl^Sfiftlii£ fc3K£tf- h 7 2 B*^{iJ* h 7 2 Bfc{£&3 

*TS3i2ffi^#i{;:#SI$i'lS. JglXtf8S2«ft ^5fc^-h7 2C*^aj^t. tf-h7 2Cfc{*& 

„ r a 2 1 fcswcsttrisifcfias ztizmx- h 7 2 A^mx-th x o xmtth . 

L/C. $6tta-Sffl3Kk*-A^.ri; >y^6 2i&ii3S [ 0 0 9 9 ] tf-h 7 2 AiZitM l<Dft£i*l&2#«3g 
^&fc£fcffi3^)£3ftT#-b6 2Bj^aj:fj$il 20 $*U tf-h7 2C{±Sl<?53KeSffi4t«M$nS. 

S„ 3K^T^7 l«40^-h7 1 A, 7 IB, 7 ICR 

[00 92] l--!f^>f*-H2 2*^{fi7J$ixSl)e tf7 1D£#U tf-h7 1 A&tf7 1 Bfc{£|&£:hjfc 

ftPMKMit. «3Kb'-AXT'J -y? 6 2-C^SI^tl.S 3££3£&El/OK-h 7 1 C&tf 7 1 Di^tfcfjU tf" 

»lMS2flM^, I/— rr>f 2 2frh -Y 7 1 C&tf 7 l Dt^^iut^^ffitT^- 

OHe3£<^affiH:* J l : HZ%&£otZ.m£.$n&. h7 1A&tf7 1Ba*£>fH7rr£„ 3fc#T7 7 1i:l/C 

ED^, «3tt— AXT'J>y^6 2«0*'-h6 2Afc:«9& fcL ^7r>f '*HWS«9t«#JBH 

ffitrst Lx-e-n-f fuiff 4 5 • mfrth xoiz. v-*f i o 1 o o ] kxt? 7 1 h 7 1 Atzitsmm 

?4 *- V 2 2tf&£Ztl& . t LXOU-Vrj K 2 2 tfmfetl. X-\-7\ 
[00 9 3] ZdLX&<k. 3K7r^^*2 1fc:5V^ 30 BW43t9--^jLV-^7 2^-h7 2B*5«^§ 

aar|6lK^»[§tlSfi^tcOl3c2«3KjS^fc:*rLT. *U h 7 1 DttiBftb'-AXTU >y 9 6 2cOtf- h 

oTftWtiWC. r 4 A2 1 lTC£t*3fci5rMe [0101] 1 /2IKJIK7 3 li3fc$77 7 1 <9tf- h 

fteLrtrtHfl*tt**«*t-.^Ty 7^6 2t^ 7 1 Cfctgftb'-Axr'J v9(> 2<9tf-b 6 2A<0lS 

fC#-h6 2B*^tB*t^fc#t. fl»S»ft*«-9- *«IMK=ffAS*U ^<01/2»^«7 3ttffilSS^ 

£ fc**CS S . [0102] £cOlUfe0!T«. 7 1 h 7 

[0094109 tiHl ommmd(M&^-Wi(r>^ 1 Atffi*&5itSlie*cofi*«®fc . \s-*f?A jT- 

IQfe^^^^o-y^HT&S., iOjliSWti. 08^) K2 2*^3t9--^il^-^7 2^LT3K*r571 

«aciB«wi^#B^5iatwfc#jfcLT. *7r>f 40 7 1 Bi l zm&2ii&m^<mmmt&- j %. 

*2 1 1 Lxffi%mmm<?>%m%L7T4rt2 1 - -t4J:pts*tT^*. <^3u zti^mm^sx/m^ 

[0095] »7r-fA'2 1- it. £i»[7r-<A' ht Lxz<nmmiz&vhfm*wm-h. 

2 1' tet^$fLfc7e£0®7t«®* I ffiii«c7r'fA2 [0 1 03] ft*t777 l<0^-h7 1 A&V7 1 Bfc 

ftt-Axr »j 7^62 idBaK$ii£ . <r?)i§3\ s« ;K-h7i catf 7 i D*^ai^-rs . #- h 7 1 c*» 

»7r>f^2 1 ' (OiMt. ffl3fcb'-AX7-'J »^6 2 A>a57J§^fi-M«/liie3l£<±. l/2»ft«7 3? 

x-mtfimztit B&m±<r>m?itmz wr*> & . £ o m^b?: 9 0 • hwbs ii. «Bfcw$r«*mMr-r * 

mmizXZb. m&C0Mtk®ffl$6 3*q«K*6<0 H»ffi3tfc LT«3tb*-AX7-U -y^6 2<0^-h6 2 
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[oio4]^-h6 2At^&sfutm^t&u : aje -rv>,9m~ebh. mmtm& 1 t lxm. mm&* 

mt. *-h6 2Da^3£7y4A2 1fc{£&$*U % s =1 54 6nmt'ffi»$ill.3mgA / /4v-7hS£0 

7r>(A'21 rtTBtf)RllJfft® 0 KgSWS k £ \iZWi D F B - L D ( 4MffiHBU'-~9 r 4 r 4 V ) fl^S 

[0 10 5] «I<Ofi[ffl«tfc«®L^B!l®KJ±. sK- [0 112] ^ODFB-LD^pifflfC^Vvai. :S3R 

h6 2C^^>®5tb'-i».X7'U-y^6 2t:ft^^il^- (S. Ogita, Y. Kotaki. M. Matsuda, Y. Kuwahara, H. 

h6 2 B#>£>aj7r$" h. —3k ^Ulf'yl \<?y#—Yl Ohaka, H. Miyata. and H. Ishikawa, "FM response of 
1 Dfrt>ffl(;\L— AXTV -y?6 2<ry#— Y 6 2 B narrow-linewidth, multielectrode A/4 shift DFB 1 

^ittim^t&r/mmit. tmizmW&MXffitt aser", IEEE Photon. Technol. Lett., vol. 2, pp.165 
LT^SOT\ £ft.tffi^fc&tfBlje3fti. tf-r6 2 10 -166. 1990.)fc^$iVO^. 

Dfrt>ftyT4rt21lzm&2tl. ft^W^lpVC 10 11 3] m^tCOSmt. i*fl3ftS81£5Gb/ 

m^aKmmizmcr&tzizmmfttm&.-r snrzt-^ (pn : 27 -.1.) twsawsfi 

[0 106] ZVffia*&3tkmiLtiffigclt&. FSK) T&O. £H*g8cttO. 87fcS£$*i*:. 
h6 2C*^«3tb*-AXTU y^6 2fc:^&$il. jK [0 1 14 ] SK&gtf+Q. 1 d BnKOfg^BfctfSltf) 

-h6 2AjK>tfi:»j£ilS. ^-h6 2A*^l/2* #fiS»2fcffl3*45'V^«-F7:M>'«82 

S«7 3£mtZiVZffim&XgLV®mi*. «36B ifc : 0 . 2 3d B/km) fctt&Sflfc. ^y^l^E- 

£90' 0e?ilTWcW5:ii3lHI3tt LT^r r*7r4A8 2cDft£Li «80kmTJ)0. »JSAs 

77 1<Dtf-r7 1Cfcffi&$ilS. fcfcft&tfifcDi «1 324ps/nmtfe-5t. 

[01 07] l/2&«l£73*>£>*-r71Cfctti& 20 [ 0 1 1 5 ] y^;R-b'7r 4^'8 2fc ± 9fSi££ 

2O^-b6 2BA^3KXf7 , 77 1<0^-h7 1Dfc:« TSESAc tfl 5 5 2 nmTfc&fiffl^&ftC^^il 

3»iS£«c-Stf-*. 8 7-?n-*;l^ji8 5*6fiBEMflHft8 6 SrttLTfft 

[ 0 1 0 8 ] ffcoT . 3ttlT7 7 1 fciiV vc#- h 7 1 &£*l*:a-;$;lofck fc tl^fn^ ygfl«8 8fc 

cat^7 1 Diz&teztifzmwe&vmm&tv) o mkztuz. 

*>. mmii±k LTtf-r 7 1 AA>£>aj7j£*U *3ffl [0 l l 6 ] 5^^«-F7T4'<84«»*»ffii 

ft&3fc{±±fcLT71B*^ajA$fl-|,. S'y^l^-F^r^^^ilfcH^C&D* 
[0 1 0 9] 3(^757 l«tf-b7 1B#>£>ai7jSil 30 I3L 2 117 2km. MAc t^HD 2 «1203 

%fr-*x.\/-97 2*-ftLXmi<V%&&m ps/nntfe-)t. 
4(cflt»S*i4. *Hte0K:J:Sk. 2M»B*«¥*Bi: [0 1 1 7 ] 01 21101 l<^ffl*=Gbfc&££8 3<7) 

l/CO^r-f^ lpVC^^£f^<03MlKllSLT fuvtWfchh. tt£3*i*:fI^3ftiE r K-77r 

(MittHS^at/^F^TX^^^S 1 ) ^fflV^Cl 3nm-Cft63t7-f;^9 22rfflSL5iofcffl3t$iJ»S 

txm\^tihmmt(rm&itm^mxfm.Lti&m m9 s^^mmMt-k^ti^. ®mm9 5 1 l 

mftmmz.&Kxwbx-swx'. zn^ozim xa. »£a p =1549 nmxmf^ti 3«^<od 

&<?>®m&mm3tt j rtm-h±x. Hioonts fb-ld#jhv^*i*:. 
fiani^rfflt&s . 40[oii8i3t^r7 94 x&fczntzmz&^X'&z 

[0110] V)±WmLitmmX\i. mm-~lX #2 3 kmTWO . 2 5 d B/kmt feStfifcx? 

$mm&l<?>mmi l Z^XteJim$. Watanabe, T. Naito £.Ltl. 

and T. Orikama, "Conpensation of Chromatic disper [0119] ttWOs? \-7rA ><9 6iZ^^tlf^m^r 

sion in a single-»ode fiber by opticalphase conjug ^V®&%lC?>%]g.ii%tl?tl+ 6 . 1 dBm&l^+ 

ation", IEEE photon. Technol. Lett., 5, 92-95, 199 7. 4dBmfi'>t. h7 r >f ^9 6<0^ 

3.)fc*S*i"CH*. tflfcfitt, JSHff«Hi(Hai^tafi^*fcAfc. Ap fc- 

[0 1 1 1] 01 ltt3aStttfcffl"6*lfcs'XrAa 50 9tt&1549nm(=S£3ilA. 
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[ 0 1 2 0 ] mi Ltzffimm;li.&.^TW§ffi®<7>¥ 
mSMWO. 7nm^:7 4/l^9 7£5ffiaL7t&. § 

7y>fA84fcffi&$*lfc. 

[0121] Hi 3«01 2CQftf$Li'~7h7T'(><9 6 
<DftJ]%.COXH' h)V£5£LX^h. AT^Ztl&V- 

nmmm&tiz^xcr)^^ Bx^aztizv-wz 

[0 12 2]fiffl^^3tO^V-tt-19. OdBmt 

.^t« z<m\m^^hmmm-25. i dB 

cot-? #DCD£-:? ^it^T-hW-S^ 1^^T*> ofc 
fc feSte. ajg^cOife^S-^lfc^^ b 7 r 4 A 9 6 

[0123] gflfflltfcV vc , v-X)\Stm8 5t LX 
»£Al = 15 5 2nm-CI»$ixS3SffiS<9DFB 20 
-LD#S0l!3tlfc. ^fn^yfiffl8 8fc 

8 . 7 GH z fcg£S*U ffifflftf&feD t- bX^? b 
/K^ffi^iift 6 MH z -Cfcofc. 
[0124101 4ttS^t i 9#£ftfct'-y b^D* 

^Ht^*-ra-c*s. m£*)v>^Amims%M8 ia» 

Lfcfc^c^ftttSrSU I^O<OAEPttj*<l3tjS8 1*> 30 

^»<oft^^ 5m<omm&tmimxmi&8 3 1 

Ammi l^XxA?r»f^$*tk#<?5^tt5:* 

l, aft#^H«Ep«@i 1 w^xxA*^effl*&3t 
mi&83zm^xmftzitt:kz<rxmz$kvx^ 

6. 

[oi25]5 m?»fcfi5s*8&£ fflv wftmxmi&s 

3£fflv*5ra»o£fc£tf>g<l!Sg«. tfyMM*10 
-9-C-4 2. 5dBm-C*>0. <l*t*91 5 2km <S/ 
y^;Wt-H7T>f^8 22Slt^84iO*$<7)W{Cffli) 40 
<D&MizfelX<Dttfflz£&/V7-^i-)\sT4tel. 6 
dBT'ft^. ft. fiffl*S3l6^S8 3^fflV^V^ 
^oSlStlg tT con-Xr;lot^8 5«O^B^i 1 5 
4 6 nmtiifc. 

[0126101 KO^XxAtJ: 9ftffl£&3KPS£2s* 

5A<KD 



*8 3£fl§^S<Ifcfc:J:D. ^V-'^Hm JiO. 8d 
B&SSftfc. ft. 5mc7)*femS:fflV^^ti3^ 
efflftft3l«^8 35feffiffll$t^LTffiffll^)^ 
"7-^^^ 4 **0 . 6 d B^ftLT^SOtt. fifflft 

[0127] HI \<r>^y^tV^-YyrA A8 23tf/f 
84H^li<0ll^#ei-Si:. JjLhOl^*£*{i. 

m&ttfZZ.tttLX^h. 

[0128] tz*>x. mwmgs&mwtmm. 
nant. ) x-bhw&. mmm^\^mm^x-ox 
( i ) m^^hm^m^wmmz x &wm 

( 2 ) W8m*mGMtZt5V&ftT> TtDA s e 

( i ) towc 

3ie^^X*f4)iWi®4'?rfii*-r-S^S:#i.S. Hi 5 

£3§ifrr£|gt jE&#iHiEft (<? 2 /3/3<k>2>0) O 
'VUZ<D±1i±&Vl l Z&^X8ffl%MtZi>>7 

bu ttTtfwz&^xsftmmiZ'syvrz, (^h 

* fi/dm* <0) <0«3-£t±, 7WX<afc , fe_b& t, )fc 
V^TSS«Wfc^7 b U iLhTtf 0 tfc UT(SS»[ 

Wts^b-rs (vvM9>&^y • ft-ey/) . * 

[0129] flfc&\ lv^-tcj±. 

[01303 
[Stl6] 

An(t) = n* I E(t) I 2 - (20©2) 
[01311/i^t-TS. i^U. m =a; (3) /2 

-fA(^^-t<i3. 2X10- 16 cm2 /Wg«<?5^$ 

[0132] 
[^17] 



Aco(t) 



d t 

2;t n, 3 1 E(t) 
A dt 



A z 



(20CO3) 



( 
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[0133] tzVX'l? h>l>1fflm-?> . ZZlZAzii 
ffl5f^ffl*-CfcS. ZtlZS Efiffl^ (Sel f-phase do 
julation: SPM)i:$);L"Ov&„ SPMKi *)%f*A>X0) 

<,zt5^x\mm.w,zi'7 h-rs (777 • ft-ty 

hw. m%ftwmm<?>®&tzi3.>v\sxKmwm$z. 
[0 1 34] ±mo$i&ft®wmk£%z- &h 
it&k. iE&ftfmm<n^iz\±x*%>vvx®mm 

Wit s pmk j6^xffis#ffif&Ls>vK n-h^tm 

[0135] HR£. miUftmmtz&^X S PMfcrJ: 
^-&£olz%~>tzZtt. ft&i'7h7T4'<crffl?k< l z 

£omMte%&m&mtfmx'Z&£?iz%^t: 

Zktfrb. ^W^&WxEMZtotttWX^k 20 

[01 36] o*o. >wxmm&±% <%*)m 



14) 8BPF7-9 84 64 
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[ 0 1 3 7 ] £ d L^KSt*tLTt>*^BH»i56** J ft 
ht%z_h1\h. HI 70ffij£lc£i>vc*£.& 
{iemtiM^^U^E© t Ltz ) . Jf&ttH 1 <0*fcfii 

10 m-t. fc«u «E^»-i5c^^*nrrJ±. 2-?ioe*ss 

%tmmmicox^hMfiKm-^bifit>. m. 
izi himmx-h s p vuzi &®Mm&i>mmzti& e: 

t tcSri . SJM^ffiHKfefHi 03)*ttb 0 . S P M 

[0138] miE»(5) (6) sSfclUB-rSfcrlgtL 

**-«flH=J:9*t4a**W-*k, (6). (7). 
(10),(ll),(12)^i. Zti?ti&tZ7Frr£oiz((>' ). 
(7' ).(10 ' ), (11' ). 02' ) ttXBZtit. 
[0139] 
mi 8) 



(15) *$m z: 7-98464 
27 28 

1/2 q» Ps 

0 GJ* C Ami Co ; 

Joo 
^ FCQ)exp[i(<i> s +Q)t- 

=exp[i(&> s t-0oLi)] 

J - FCQtoClCQCt-^^L,)] 

xeip[-i[l/2 g, gy Q'M 

J* o' "^aTTT Ps dz]3dQ -a') 

Eci(t) =exp[i(a> c tt^oL,)] 

f ^ T(Q)P*(Q)ex P [i[-Q(t- a g^ s) L,)] 

xexp[i[l/2-^m^Q*L,t 



(7 CO 

<7 <X) C fleff 

••• ai' ) 

exp[i(6JcH/3.L,-i8/ L,)] 

/ * T(fi)F*(Q)exp[i[-aCt- *f^> L,- U>] 
xexp[i[<D,(Q,Li)-4> 1! (Q.L. ! )]]dQ 

••■(12' ) 



[0140] lut. * [IS19] 

[0141] * 

a>,(Q.L,)=a/»Q" aI / ( r° L. ♦ f J' P. di- (20O4) 



d&) 2 ^ 0 C A 8 f f 



<P«(B,l,)=Oy?)Q* / , U + j , ! Pc di 
d <o ° Li c A .f 1 



(20O5) 



[0142] T'*>6. «^t. 2Bf0B2&* 

[014 3]^. m-w&w&**m-h ztv 

(20«4)^fc:tS{t6*i (Q. Li ) fc (20*05) aStti * 



[0144] .I«i§^ »[^i[60*lfito^T«B5a 

[0 145] 
[&2 0] 



(16) 



^^7-98464 
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a, 

0 



^Ps d,=J 



L, 
L, 



C Aer t 

* [0147] 
[&2 1] 



C Ami 

[0146] zzt. mi<rmyr^^ (MimtBM 
iznfb) w»SHJiaai mat k-r&t. * 

Ps (z) = Ps (O)exp(-a.z) 

Pc (z) = Pc (L,)eip(-«i(z-Li)) 



Pc dz - (20CD6) 



(20©7) 
(20©8) 



[0148] fc#{tl>A^ ^*&^fH±. &<7) (20CO 58 [ 0 1 4 9 ] 
9)iC-C^^>tLl». _ *10 J&2 2] 

a>s n tI P s Li = <Oc n Z2 Pc U ••• (20©9) 



[0 150] iitPs l4»l«*7r-f/'WWMi9 
X0W?7-*$U Pc {im2«05t7r^^*rtT<0 
fiHBHfcjfeaW^-fc**. Ps Rtf Pc tt* 

— l-exp(-<2 i Li) 

a i Li 

l-exp(-a 2 LO 



Pc = 



a 2 Ls 



*<Kco(20<oio) (20011) sTC^-i-feixS. 
[0151] 
[*23] 

P s (0) - (20010) 
Pc (li) - (20<Dll) 



ftk 7 r 4 Aft t «BB=»L. < ^£ LTfc < £ 1 J: 

[015 3] KLhWg^tiJ^T. niiStfimli-fch. 
-mSB 1 Rtf&2 ^7 r A 'tetim&mmzm U 
Aeft {ift7r>f^^=J7iii»£3rr. (20<O9)5S 
J:0. t>Ut2o<ogj*IS*«^WN8»JS»f*S:<)^. 30 

^r: 6) S =a>c ) H^icii, HfciSfcLT. WW 

[0 154]fcMHk7>S^*£itf§£. &mftx-± 
Ssfir^-SStoWbifctf*:* PC^fir&-C<Z>3fo&-2& 

[0 1 5 5] 4fc, SSBtS** 6 ^**^ «V^4»A» 



[0 1 56] t^T. @17tf)fltj£T{2:. PC£gg 

ttzhxm&ztuttv. max. pcz$mm<?>&<iz 

WtT. TUTyrfcLTffifflLTtiV>. 7VTVT 
h. 

[0157] *3i*><l3>**. #fJt«i: 

a s ntf Ac &zti?iim^mtfmti£&.iit<7>&i%T 

[0158] 
[&24] 

D1L1 A s 2 = D2L2 X c 1 - (204)12) 



D = — 



2;rc 



a 2 g 



(20©13) 



[ 0 1 5 9 ] mfcf . v^«s -c&stu mi 

03fc63*&fcL/CDi =1. 8p s/nm/knKWt 
y7h7r^A'^fflV\ ,Ifl£D2 =18ps/nm/ 

kmoS(S2<03e£i^fcJ:9M(I^&c:fc£#;t£. £ 
O J: d *7 r 1 5 5 0 n m^T-0^ffc^7 h 7 r 

1 3 10nmSWyy/^t-H7r'fAil550n 



(17) *fPH z -7-9 84 6 4 

3 1 32 

rnxm^hzbuz^x^^m^^chh. zoo, tix^&mz. mi<mfflmffi%a&fk3tn\ych 

3\ Dz /Di = 10T*6jK>. (20<912)5$J: 9 L 6. 

2 »iu ota* i/i o^tg^-s^fct:^. -r [0165] z<mviz. jtwxop i&t>*t:&m^ 

%b*>. i> ti> Li =100 km^ttfL2 = i o k ^m^^wmtm^ets^Lx^mm^mm 

m % Li =100 0km^KL2 =100kmfcg£ 6fcfti£$*U Hll^®7lift>W;*.OP 2i>£> 

&t'Mi>%ut-*ti&. ^2«*gi*»tfcftsfi[fflft mifemm6izm&-t&. *^xop 1 t op 2\m 

2m&&cr>fil0fe<mizm.fethZtiZit). [0166] t«5ftftt, Hl9<DgB«. 

m&zk&wmxv^iMmtth. io pifcoP2*sisiarrsidtjaiB5i£iS7^i@!rr.6ffi 

[oi6o] wm&Ktm^ftffFmmiWt w&m i lfc^tfiiiT^s. »#ai i i<o- 

«H*U»»afctt. mia^2O3teS*ffi^$<0 -30M«««. »^xsP5-tfj*-rsyNVPX^x^ 
Sv^-JEtT. <20^)££«JfrrSJ:dfc:.#8tfBJg 1 1 2 1 . S^WXSP£flg3*i.fcS@§fg 

fiTv^s. \mm2<?>mmzmfrh%m!mi i4t, ig 

mwm^mm^ism^m^tix^^^^T 1 1 5 1 . s^iuss 1 1 stm^f-i^w^?-*** 

*l»^t»^iiWJ1^)iaBt:J:-D-r^;WxSJg*«5 3(C"F3SiS[II8&l 1 3fciittl>jE@$fS5- 

«*frp»afciirc*9. znmttfmmziix^ 101 67] %fflm&i i4x-m&ixfz3i2<Mm. 

S. 3fti3tt2i*S&4 (01 8##«S) ti*ttJ$tLS. fl© 

[ 0 1 6 1 ] m 1 8(4. *%wzwa^ii&3tmm*m omeww-tm 2 vffl&fcnw-izitKx+ft'b 

tco&Wz 1 oX{i«&?)ftm*Ifs 101 [0168] mftfk 1 1 1 collttfllfcfctt&twefco 
iffiXZtvrzm£m2 Sr/C L-C3fe+«S§ 1 0 2 V vtli&iW* . 0 1 9«{£fflft&ft?6£§IB£H 1 8 

3t+«iSl0 2-C«E»^. <%K'fi»3Sl0 2tC3iffl-rSCi:{cJ:oT. 

3fcgft«5fc£i*3ixS. 30 ftotiMzte. BlS^j^-rACfcVvt, 3fce&»2 

[0162] 3fc+«8S 102 <«^7K^#g 3 tct5tt£*£#ifc»i:3fcfi3S»4 £&f?*tt*Hkft 2: 

(Hl#88) «rtrtt6WW*Hmi«&h.4£i:li 0S£L<££J:3te;s*u 3ftill&l 0 l<7)?&fc3te»i(a 

X. 018fc*$*i6<i:dfc. loXJi1»&o#f8(S3§ [0169 3 Hi 9c^|SJi. 3fc*fl«lfc3fcg 

tsa^aaj3t (ase) tzx&m'Wmffim^'tm w.Lxmi-tz>zti>xz&. z<n%&. mmmm* 

smztmzti. mmm t>w7-tzx him-wk ?? ->fcss*(cs&*-4 zt&x* hnx. m&ffi&mw 

i,zi.~>x%.ih®Mi'7Y<r>7>yj±fc ornaefiEffl m§(&t:®m-hztifxzz>. hi 9<*>ng 

$m (spm) > m^t^mwtt-r^mi^ iitxsya*5iz&*tixwi>&\ zomomtz^ 
wmm&jmtMtx. mm&ix^vivtfmi 40 xim&th. 

■fh. Z<mmr>VVXffi&nm7i-X'b&. [ 0 1 7 0 ] HI 8Cfit»Tll. 3frM83£l 0 2#* 

[0163] ^N&ga&tc^vvai. mzJtefSP) 1 oftfWBSSftXH**.. 3B*fi«i 1 fcftSffi® 5 1 

*h.-a>*. ^^coMv-at/aiaiiiis^ipJ^?:^!^ hi 9(^Wizn^xwmmifi^ixhmmz 

%m < Uz 0 . wc ^v^i^BtcfiWS . H2coiiBHMt/t(14)^7!»^(2 

^mmfsm-hztmim^^tix^hip. wh%m o)&frt>wt>ir%£otz. 4mm&izt5^xi±. mm 

mt\i&z%wimvix-$>h. ^ep tmnftEs tfifflM%&mm*xi®mtm-fz> 

[0 1 641 HI 911H1 8^>Xf-A(caW«rfg*<il[ t£IR. Ep Es • (Z)tmLt:Wg®}m&X'Z . ZtHZ 

ffl^3K^4^Sc0^o.y^HT'*>S. Itm&m^&n £*)$t,lz®mtE? #ki =2k P -ks O^riiitg 
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m&t tx. ta k?*ei nmmaAi 

A«(t) ocx 



(18) 

( t ) JiiX * [ 0 1 7 1 ] 

* [fSt2 5] 
131 Ap,(t) A P2 (t) As*(t) 



^¥7-98464 
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-(21) 



[0172] ZZ\T^ Api ( t ) RtfAtt ( t ) «-Hl 

[0173] (2D*i&»£. 7M (fiffl*S3K) 

1.(0 - G, a I Ap.(t+t.) A 

[017 5] iifc, GioliTM K5ft<9f!H§£flU 

aran***-. aieTKji^io-c&s^wi. ti & 

[0176] c:;-C«i. nj^wxaswcMftHNft 

h. 

[0177] ftoT, ^*4ffiH#tt«W'W';*«li* 

J G,.|A.'(t>|» 

i.co - ^ o 

[0180] Z\ZX. vii®1S$t>Vl>Z<r)'*»C>fre>e>m 

MLLfz. (23)^cofe*S:H2 0&t^21t^-r. 
[ 0 1 8 1 ] 02 0<i. BiBftW W^WftB^XO" 

frt&#3£> WXC7)8WC&S. HHC£tvt, (A) 
I4f9*^. (B) OMSUVVUX^ (C)ttffiM 

[oi82] mm&'wxffimzHitwwxmMz 
[ o 1 8 3 ] H2 1 \mmt<7>>w7j®tm^%&>> m 

(A)tt<I9X/WX. (B) ttlfiBX'W:** 

(c> \tfflmsdt>wxzm. 

[0184] ffl&%<nrt)VxWdm^ft<?>JW?M£ *) 
[018 5] @2O&#02 l£J:SlH!C£irCfc^ £50 



) 1 1 ( t ) iid&res-z. hti& . 

[0174] 
[&2 6] 

,(1+12) A s *(0 I 2 -(22) 

Slj^WX#;^g-CJ>&i§£fc 
fit^$iTJtfi^7e»^^xS[»*5m^T^v^fc L 
Tt>. ^1-Sfl^ftS3e<OA/WXS3gJi^^j£^ 
<. 

[0178] z<?)z t zvmt&tiMz. < f 

WHM) #Ts <Of|-^3tt-'^Xil*5Tp rfc*®^ 

'W;i04MttiB$im£HkLT»i (ti =t 2 = 
0) ft-S.. (22W£*)dG!ttm$>tl&. 
[0179] 
[*27] 
( I r | <Tp/2) 
( I t I >W2) 



(23) 



mAm^xm^mzm-hmsmzfto c\t#x% 
a. 

[ o 1 8 6 ] 02 1 kj: *)mmttiwmiz%r>x. >vv 

ztiz. z<Dmmifto*i#><mwfrm 1 1 (019 
mi) <mimmmmmtz>. 

[0 187] K)VXlss.*As—9 1 1 2b i $tf)Liz : 38£ 

imstiVimztix . sy^f^sfutg^ 

A-XSP' fc£^Taig3fcii7fc:tt&;X;h.S. mmmm 
S^Sg^xtlBlii Ltiffimft> WXO P 2 SrHWj 

[0188] mwvuxo p 1 at/fitee^ wx o p 
zmmBmqmeiizv&zti-zt. iwxo 

Pit tneft^x O P 2 fc jmOfthTfiS: O^t 
t # fcfiHaft&7l£''^X P C 6 a> 

[0189] ^ 6*^Jfi*$^fiffl*f5 

*^pcii, -e-co-is^^i'SiHiisi i4T^«$ 

*U •fc^a-i^cW^^-ttSjtlllffil 1 5tJ:oT 



(19) 
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[0190] mnvvxo p i tmmwvxo P 2 

ftoT. SM&l 15T 
08&1 1 6*ra05Ig|II8&l 1 3fcfc{tS*^W;*S 
OP 1 fclljg^Wl^OP 2 S-l^fflS-frS^ fc#T£ 
[0191]$. 0*t±L&vW. ll^ffi 

[0192] fi^fr wx#&j£t 6 V 'J h y/wxT 

[ 0 1 9 3 ] 02 2tt. 0 1 8<0ftj*ftfllfcii»t£<!# 

tfeftsft+sas i o 2»±, Ei 9<mmmm&gi 
wttLx^zhot-tz. 

[0 194] 02 2fc*>lrVT. (A) «3lSSmei*^ 

j*tu^^s^mm^*'^^ . ( b ) ttft+issi 102 

#gft hGSmm&VVX , ( C ) {ift>tt8& 1 0 2 fc: 
&tY7flEfe3*i.6HB%'WX. ( D ) J±3K4»«S 1 0 

[0 19 5]m^^WX#h*yhU--hB. ST (T 
= 1/B) ff)NRZJVVXX-h&*8r£tZlt^ Hth'-y}- 
V— h X'SVUZMT ' (T' <T) CD^^RZ^X 

[0 196] 02 2<r> (B) fc^it&ioK. £i*fl 
^ wxwwxll#&g#ffc j $>s P M«o^#t J; 0 

t- ^i/Bt%&£o£.w&m&*jmx'b&. t 

tz-ffxx^&tf. ^i*ftt>02 2?>89gSJKiSfcJ3 
[ 0 1 9 7 ] 02 SimWrRZ 3- KT&£i§£-<9 

&yt>wx<rmmrchh. 0230 (a) — (d> t± 

We f *l02 2«D (A) ~ (D) H^JELTV^. ft^ 
3fr WX#t*y hV- h B . WTOKZJ^VXXhh^ 
mt^-vhU-hX-^X^T- (T' ST) 

[0198] fi^M^ WXco; WX{IT#fcg#fSC 



^Jgfid/B (dx^-X-fit) •kObStfoTHtli 
[0 199] zzx\ c\<n£otcW8%S&*-$-hZt<?> 

(Brffl^ a y Mt^ER#) imfr&XhnX-. gflfiST' 

10 Lfim<r>mmmn^.nth s n jtoffiTtt. ±t t 
x. mm&\z&nhmm^L<\m8i>w?ffi<?> 

^&W±&W®zi5Vhfmg<izi ~>x l>fzt>2tih . 
[0 20 0] £«d^?>f«JI$t^fcPILTtt. fti$ll3s 
jEpJSHii-SASE^^gt^V^ Hz. MK'WX 

meyrmi. fe^a^spMtj&^s^tfi&iM 
[0201] msg&tm&sm&Mittmw&zii t 

20 ®£t¥3 i t fc J: 0 . 1^ WX|gcoT#8WiS:«^ 

•rfca^rtgfc&soT. jssfc Lxstutzm&ssmx' 

^m-im2A\,z^cr 0 
[0202] 02 Atefflgm&rfflg&wymx'h^ 
x. (a) iiwmsitLizmm*m>vi'X0)fflm. 
( b ) \mw^zntzmmjt>vvx<r>mm*m 
lx^z. w&m5&^x^wmm*m&®xbz> 

[ 0 2 0 3 1 &2 j; z>m@m<?M$k. e 
h. ft->x. z(?>mi*mft>vi'X$:%mmiz&&Lfz 

[0204] fc^6T\ xyyfytfflvxWBi 

ct>. m^±\z&^<r>w^2mz\m?i>tmi'7\- 
i&mv. xm^mt&w&iz^ minmo as 
e££&7 yy^jmmminzii t y >yj»%®mm 
tio, wxcr>y>yj>%mmg.mt>zif : miL. i 

[0205] it^^t isei*i£SfceMi©i^«<7) 

[0206] *^HBtJ:Si:. bi^^bB* 1 ^^*^ 
iofc. wxwa s.yyzWJE-t&Z.ttfX'Z&n 
X\ dcOSa^ffl^TGordon-Haus K*2rSx.&€o*Sr 
50 les-rsii:* 5 ^?.. ^ix^02 5t:J:OglW-?»„ 



(20) 
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[0207] 02 5tt@<HbPyy ^'scot. ft^y^coji^T^c&sgjis^e 
a*. ( b ) atsm-ttrwx* ( c ) ammt'vu ^^mm^^i 0 lxh<h\ raH*/w 



[0208] ^imfrt>liiJjZtl&Mmfe*&tlZ t'y [ 0 2 1 6 ] ?L 7 U h >%Sli. Witf » ifcfcJWf * 



«O^Jf >'RZy , t;l'XA>^>^:Sllg3t' , ?;WX^fflV^4^fc 10 aracteristics of InGaAsP single node fiber coiposi 

fcioT. :M Sy^fil^^ABiO t'hS^V U N te cavity lasers", IEEE J. Quantum Electron., vol. 

>WVXfrk%hWm^>*)VX*&fSFSmX'bh. QE-22, pp. 142-148, 1986 

[0 2 0 9] £<0*d\ ^^hfflffi&8dt>VVX<rM. (2) R. S. Tucker et al., "40 GHz active mode-locki 

ffili. fE^fttWXtWltl&tWVXff)? 4 $y?-?tllZ ng in a 1.5 jum monolithic extended-cavity laser". 

mfrt&CDX: W®g&3t>VVX<7)ftMff)\i£t>r>% m Electron. Lett., vol.25, pp.621-622. 1989. 

2 5<0 (D) #«&) ZW&thtiWZ^ (3) M. C. Mi et al., "Transform-limited 1.4 PS opt 

$8£fflV*$0):!6*J:v*. ical pulses from a monolithic colliding-pulse mode 

[0 2 10] ^Xo^m^mt LXii. ttttfe -locked quantum well laser", Appl. Phys. Lett., vo 

^mzhhyTA'Wsmwmrhvf t>ti&. i- 57, pp.759-761, 1990. 

t±. JE^aLgfiOav^Sfl^yilaSWlffllSSE^^^ 20 (4) M. Suzuki et al., "Transf oni-1 imited 14 ps op 

-t — FJ\y?$:TroZtfc£K). SfcHflli&ffi^* 1 — ffifc tical pulse generationwith 15 GHz repetition rate 

£6 J: 3fcLTt> X\>\ 2A>C. i§ti&(aWR#tm.Bft by InGaAsP electroabsorption modulator". Electron. 

wm*m-%httwmm%mh&*m^x\&i}-- Lett., vo i. 28, pp.ioomoos, 1992. 

&t^^^WS.VXi>i^. (5) K. Iwatsuki et al., "Generation of transfona- 

[ 0 2 1 1 ] 02 6te. B 1 8 <ni/X^J*<ry$$t&&l,Z limited gain-switchedDFB-LD pulses < 6 ps with lin 

MLti$l&ffl£^~$~J'tl"/7fElT$)&. jWffi&l 0 ear fiber compression and spectral window", Electro 

2' £01 6(mW%&8l£^immZtlh&tZ~l n. Lett., vol. 27, pp. 1981-1982, 1992. 

vVCliHl 8<9>-XxAi:|^tT*-&J&>\ ZPMX-iZ. (6) K. Smith et al., "Totally integrated erbium fi 
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